In three experiments, we explored (1) possible developmental changes in interference and (2) the use of integration processes to eliminate them. Two versions of the fan effect procedure were used. Results of Experiment 1 with unrelated sentences showed similar fan effects for 12±13-year-old children and adults. In Experiment 2, the sentences were thematically related so that it was possible to use elaboration processes to construct integrated representations. Under these conditions only adult participants eliminated the fan effect. In Experiment 3 a new procedure was used where children and adults studied highly familiar material in an organised manner. The results showed that in these conditions children integrated information and reduced interference. Thus, prior knowledge and organisation seem to be important factors to create meaningful integrated representations in memory.
Many studies on cognitive development have focused on the role that the use of strategies has in the development of memory (Schneider & Pressley, 1989) . A common assumption is that children use more sophisticated memory strategies as they grow older (Cowan, 1997; Kail, 1990 , Schneider & Pressley, 1989 . These strategies are considered cognitive processes that require effort and cognitive resources, and that have the aim of increasing performance in memory tasks (Harninshfeger & Bjorklund, 1990) . They are supposed to evolve with age, so that older children differ in the number of strategies that they have available and in the efficiency with which they use them (Bjorklund & Douglas, 1997) .
One such strategy is elaboration (Hogben & Lawson, 1994; McCormick & Levin, 1987) . The use of elaborative processes implies the association of the elements to remember, so that they are linked and integrated in memory. Many developmental studies have shown that children as young as 5 or 6 years old benefit from the use of elaborative processes if they are instructed to use them (Bender & Levin, 1976; Levin, McCabe, & Bender, 1975; Levin & Pressley, 1978; Pressley, Levin, & McCormick, 1980) . However, the elaboration strategy is not used spontaneously until late in adolescence (Beuhring & Kee, 1987; Pressley, 1982) .
Recent approaches to memory development also emphasise the role of non-strategic factors in producing memory differences between children and adults (e.g., Bjorklund, 1985 Bjorklund, , 1987 Brainerd & Reyna, 1993; Dempster & Brainerd, 1995) . Factors such as the spread and structure of the knowledge base or the resources available to perform the task have been highlighted as possible differences between children and adults. For example, Bjorklund (1987) has argued that the developmental increase in memory performance MEMORY, 2003, 11 (6), 505±523 is mediated by unconscious and automatic mechanisms in semantic memory (e.g., older children have a more organised knowledge base that would permit more automatic associativelybased retrieval or a more effective utilisation of coding strategies).
One reason why elaboration and integration strategies are useful memory aids is the reduction of the interference that comes from other studied material (Reder & Anderson, 1980) . In the adult literature, this hypothesis has been investigated by using the fan effect. This term refers to the fact that the time to verify a sentence that has previously been presented is greater if the subject or object of that sentence has also been linked to a set of other sentences. For example, if participants have learned the following sentences,
The fireman is in the canoe The fireman is in the supermarket The fireman has brown eyes The sailor has red hair it will take less time to verify that the sailor has red hair than that the fireman has brown eyes.
Many studies with adult participants have shown an increase in reaction times as the number of associated facts increases (Anderson, 1974; Moeser, 1979; Myers, O'Brien, Balota, & Toyofuku, 1984; Radvansky, Spieler, & Zacks, 1993; Reder & Anderson, 1980) . This effect is normally discussed in terms of spreading activation in a network representation (Anderson, 1974) ; during retrieval competing associations interfere with each other and reduce the amount of activation converging in the memory trace. In Anderson's theory (Anderson, 1983; Anderson & Reder, 1999 for a more recent version) the effect is explained by assuming that a limited amount of activation automatically spreads from one unit of the sentence to its associated features. As the amount of activation is limited and the fireman is associated to four different features, each link will be weaker than the equivalent link between the sailor and red hair.
Recently, Radvansky (1999; Radvansky et al., 1993) has proposed that the increment in response time is better described from a situation-model viewpoint. When participants learn and memorise the sentences, they try to comprehend them by constructing a situation model, which integrates facts referring to the same situation. In the usual fan procedure, as the sentences are unrelated, a situation model is constructed for each of them.
Hence, during recognition each model has to be retrieved and tested. However, if the sentences are related, participants can construct a common situation model that integrates the information in the sentences. Thus, during retrieval they would be accessed as a single unit, and reaction times would be reduced significantly. In fact, many adult studies have shown that if the to-be-remembered sentences are thematically related so that they can be integrated into meaningful wholes, the delay in response time associated with the number of facts is reduced, eliminated, or even reversed. Thus, the use of integration processes would seem to eliminate the interference from competing facts (Anderson & Reder, 1999; Cantor & Engle, 1993; McCloskey & Bigler, 1980; Moeser, 1979; Myers et al., 1984; Reder & Anderson, 1980; Smith, Adams & Schorr, 1978) . For example, if the following sentences are presented,
The sailor has red hair The fireman went to the park The fireman had an ice cream The fireman was hungry The fireman felt happy it will take the same time to verify the fireman was hungry as the sailor has red hair when integration processes are used.
Although various hypotheses have been proposed to explain the reduction in the fan effect (Jones & Anderson, 1987; Radvansky, 1999; Smith et al., 1978) , all these explanations share the assumption that the presence of thematically related sentences results in the activation of complex relations which integrate different facts into a single memory representation (but see Anderson & Reder, 1999 , for a spreading activation based account of these effects). For instance, Smith et al. proposed that when the sentences are thematically related, participants are able to activate stored frames (Schank & Abelson, 1977) which represent the elements of the sentences in an integrated manner.
Recently, Cantor and Engle (1993) have found individual differences in the ability to reduce the fan effect. Participants with low working-memory span showed a larger increase in recognition time with fan than high span participants. In addition, when the sentences were related and could be organised in higher-order representations, high span participants eliminated the increase in recognition times (RT). In contrast, low span participants were not able to do so and showed fan effects even under conditions where integration was possible. Therefore, the fan procedure seems sensitive to interference and integration processes and to possible individual differences in the use of these processes.
Our aim was to study the degree to which children and adults differ in (1) their susceptibility to interference at retrieval and (2) their use of integration to overcome interference. The fan procedure involves complex tasks and materials so that the activation of integrated knowledge structures is required. Most studies on the development of elaboration processes in children have used mainly paired associated tasks requiring very simple associations. The use of the fan procedure with children of 12±13 years of age would allow us to explore the development of these complex elaboration processes. In addition, the procedure would allow us to examine the role of other less strategic processes in memory development. Some studies have shown that children are more prone to interference than adults (Dempster & Brainerd, 1995) . As the fan effect reflects the influence of interference on recognition, it is possible that children and adults differ in the size of this effect.
EXPERIMENT 1
The aim of the first experiment was to compare possible differences between children and adults in the retrieval processes involved in the fan procedure. As we mentioned, it was possible that the children's greater susceptibility to interference would produce an enlarged fan effect. In our experiments, two groups of participants varying in age (12±13 and adults) had to recognise whether they had studied simple subject±predicate sentences in which the number of facts studied about each subject was varied.
Method
Participants. A total of 20 students participated in the experiment. Ten students were selected from an introductory psychology course at the University of Granada (Mean age = 21.2 years). A second group was selected from the second year of secondary school (ESO in the Spanish educational system). Their mean age was 12.6 years. They were enrolled in a medium-class private school in Granada and received a small reward (sweets or a cold drink) for participating in the experiment. The groups of university students received class credits for their participation.
Design. The experimental design conformed to a 2 (age) Â 3 (level of fan) Â 2 (type of probe) mixed model design. Age (children and adults) was manipulated between participants by selection. The level of fan (1, 2, or 3) and the type of sentence (studied versus nonstudied) were manipulated within participants.
Materials. The experimental material consisted of 18 study sentences and 18 foil sentences. Appendix A shows the complete set of sentences used in this experiment. Sentences were of the form person±activity or person±feature (the fireman plays football; the fireman wears a beard). We created the study sentences by combining eleven person concepts and nine different activity/feature concepts. Depending on the fan condition the person concept could appear either once, twice, or three times in the experimental set. However, the activity/feature concepts always appeared twice in the set of 18 sentences. Thus, within a study list there were two person concepts sharing the same activity/feature concept. This was done to associate all terminal nodes to more than one link (Anderson, 1976; Smith et al., 1978) . The activity/ feature concepts were formed by a verb and a complement (attribute or direct object), and they were three words long. The 18 sentences were formed by randomly combining each of the person concepts with the nine activity/feature concepts with the restriction that a subject could not appear with the same predicate in the conditions of fan 2 and 3. Thus, six person concepts were associated to only one activity/features concept (Fan 1), three were associated to two activity/feature concepts (Fan 2), and two person concepts were associated to three activities/features (Fan 3).
The foil sentences were formed by recombining subjects and predicates within the set of study sentences comprising a fan condition (Anderson, 1974; Myers et al., 1984; Radvansky, Zacks, & Hasher, 1996) . For example, if the sentences were the waiter was dark and the fireman wears a beard, the foil sentences could be the fireman was dark and the waiter wears a beard.
The sentences were recorded and digitised for their auditory presentation through a PC computer equipped with a Sound Blaster audio card. The duration of each recorded sentence was 2000 ms (AE 10 ms). Preparation of the experimental procedure was made by using the ERTS (Experimental Run Time System) program.
Procedure. Participants performed the experimental tasks individually. Each experimental session lasted approximately 60 minutes and consisted of two phases: learning and recognition.
Learning phase. Upon their arrival, participants were told that their task was to study and memorise the sentences to be presented, as they would subsequently be asked to remember them. The instructions emphasised that they could use any strategy that they wished to study the sentences and that they would have as much time as they wanted to study each of them. Participants controlled the presentation of the sentences by pressing a key when they were ready to study a new sentence.
For each participant, the set of 18 study sentences was divided into three blocks, each containing six sentences. The six sentences within each block had different person concepts, and different activity concepts. Participants listened and studied first the six sentences within one block. After presentation of the sixth sentence, the word STOP appeared in the centre of the screen and participants were asked to decide whether they wanted to listen to the sentences again or whether they were ready to evaluate their learning. After evaluation, they were presented with a new block of six sentences to study and evaluate. The order of presentation of the blocks was randomised for each of the groups in the experiment. Similarly, the order of the sentences within the block was randomised for each participant.
When participants indicated that they were ready to evaluate their learning, they were asked to perform a free recall task. That is, participants were told to recall all the sentences in any order that they wished. If they could not recall all the sentences, the experimenter started a cued recall procedure. The experimenter named the subject of the sentence and the participants tried to recall the predicate associated to it. A new block of study sentences was presented only when the participants could recall all the sentences in two consecutive trials.
Recognition phase. Once the three blocks of sentences had been learned, participants performed a recognition task. A total of 36 sentences (18 studied and 18 foils) were presented for recognition. Each sentence was presented individually and participants had to respond if it was one of the items presented in the learning phase by pressing the appropriate key on the computer keyboard. The instructions emphasised that the response should be made as quickly and accurately as possible. Before beginning the recognition task, ten practice trials were performed to familiarise participants with the procedure. In the practice trials, the experimenter would randomly say either studied sentence or non-studied sentence and the participant had to press the appropriate key as fast as possible.
Each probe was presented once and the order of presentation was randomised between subjects. Each new sentence was automatically presented 4 seconds after the participant responded to a previous sentence. The type of response (studied versus non-studied) and the recognition time were recorded. Once the recognition task had been completed, participants were asked to try to recall all the sentences. The mean percentage of recall in this new free recall task was around 95% in this and all other experiments in the group of children and adults, indicating that after recognition the sentences were still fresh in memory.
Results
Two analyses of variance were performed, one on the recognition times (RT) and other on the error data. In this and all other experiments, recognition times associated to incorrect responses were not included in the analyses. In addition, RT above and below 2.5 standard deviations from the participants' mean were excluded from the analyses (less than 1% of the data).
Recognition times. A mixed model 2 (age) Â 3 (fan) Â 2 (type of sentence) analysis of variance was performed on the recognition times. The data provided by one of the participants in the 12±13 group were eliminated, because the large number of errors (more than 60%) indicated that this child had not understood the task correctly. Table 1 shows recognition times (RT) and percentage of errors as a function of fan, type of sentence and age. The main effect of age was significant, F(1, 17) = 18.97, MSe = 1191342, p < .05. The mean RT of the children group (3514 ms) was significantly longer than that of the adults (2622 ms). The main effect of type of sentence was also significant, F(1, 17) = 13.88, MSe = 224733, p < .05. As can be seen in the last column of Table 1 , rejecting foil sentences required longer times than recognising studied sentences.
In addition, the effect of fan was significant, F(2, 34) = 8.68, MSe = 128040, p < .05. A trend analysis showed that the linear component was the only source of significance; in fact, it explained 99.9% of the total variance, F(1, 17) = 13.91, MSe = 159537, p < .05, indicating that recognition times became longer as the number of activity concepts associated to a given person concept increased from one to three. This effect was independent of the age of the participants. The interaction between fan and age was not significant (F < 1). None of the other interactions was significant, with Fs less than or close to 1.
Errors. Similarly, a mixed model analysis of variance was performed on the error data (see Table 1 ). Results of this analysis showed a significant effect of fan, F(2, 34) = 6.44, MSe = 164.59, p < .05. This effect was parallel to the one found in the RT data. Thus, the percentage of errors increased as the fan increased (3.54%, 6.81%, 13, 89% for each fan condition). A trend analysis showed that the linear component was the only source of significance. This linear component explained 95.7% of the total variance, F(1, 17) = 15.02, MSe = 135.08, p < .05. In addition the interaction fan Â type of sentence was significant, F(2, 34) = 3.97, MSe = 92.82, p < .05, indicating that the increment in errors with fan was more pronounced for targets than for distractors (19.5% versus 8.63%). In the Fan 3 condition the percentage of errors for the target sentences was significantly greater (19.5%) than the number of errors for the distractor sentences (8.63%), F(1, 17) = 5.76 MSe = 181.96, p < .05. The interaction age Â fan did not reach significance, F(2, 34) = 2.91, MSe = 164.59, p > .05, None of the other effects or interactions was a significant source of variance (p > .05).
Discussion
The results of Experiment 1 showed the typical increment in recognition times as the number of sentences associated to a given grammatical subject increased from one to three. This fan effect replicates results previously found by others (e.g., Anderson, 1974; Moeser, 1979; Myers et al., 1984; Radvansky et al., 1993; Reder & Anderson, 1980) , but this time in the auditory modality. More importantly, the effect was found not only in the group of adult participants but also in the group of children. Thus, although the children were slower than the adult participants, they were equally affected by the interference produced by the number of facts associated to a given subject. This is important because there are very few studies looking at memory search processes in children and those studies have mainly used digits as study materials (e.g., Kail, 1988) . Our study with more complex materials shows clearly that children's retrieval processes are affected by the same factors as those affecting the search processes used by adults.
The fan effect has typically been interpreted from theories proposing that knowledge is represented in memory in propositional networks. Conceptual nodes represent the units of memory, so that when more propositions are linked to a concept, more units need to be considered at retrieval and more time is required for recognising sentences containing that concept (Anderson, 1976 (Anderson, , 1983 Anderson & Bower, 1973; & Reder, 1999; Whitlow, Smith, & Medin, 1982) . Our results suggest that the same processes are underlying memory retrieval at different developmental stages.
The difference between the studied sentences and the foils has also been found in previous studies (Anderson, 1983; Moeser, 1979; Myers et al., 1984; Radvansky, Zwaan, Federico, & Franklin, 1998) . The fact that correct rejection of foil sentences is slower than recognition of study sentences has also been interpreted as the result of search-like processes; foils are rejected by trying to retrieve a fact that matches the probe. The search has to proceed through all the facts linked to a concept and activated by it. Therefore, rejection will always be slower than recognition and will also be affected by the fan associated to a concept (Anderson, 1983; Anderson & Reder, 1999) . Again, the difference between foils and studied sentences was equal for the children and adult participants, indicating that the retrieval processes of the two groups were similar.
The similarity between the children and adult retrieval processes is also shown by the similarity in the pattern of errors that they make. The overall percentage of errors was roughly the same for the two groups, and the increment of errors for the Fan 3 condition was similar. Both groups behaved in similar ways in this condition, that is, the increment in errors in the Fan 3 condition was mainly due to the more strict criterion adopted by the participants when responding. Thus, the fan effect was more evident for the target than for the foil sentences, indicating that the slower response times were accompanied by a decrement in the participants tendency to say``Yes''. This more strict criterion was evident for both children and adults.
The main difference between the children and the adult groups was in the slower recognition times shown by the children. The groups of children were on average 900 ms. slower than the group of adults. Previous studies using tasks such as mental rotation, visual search, and mental addition (Kail, 1985 (Kail, , 1988 (Kail, , 1992 (Kail, , 1995 have shown that processing speed varies with age. An exponential function seems to describe the relationship between processing speed and age in different tasks. Kail (1995) has proposed that a general mechanism limits the speed with which children and adolescents process information. Although the nature of this mechanism is not completely clear, some theoretical models (Myerson, Hale, Wagstaff, Poon, & Smith, 1990) suggest that the limit may be imposed by a greater loss of information that children suffer compared to adults. This loss of information would slow down mental processing because each new step would require the reactivation of this information. In general, between the ages of 8 and 14 there is a progressive increment in the capacity to hold information and therefore processing speed also increases.
EXPERIMENT 2
The results of Experiment 1 indicated that 12±13± year-old children also show the typical fan effect that is normally obtained with adult participants. The aim of Experiment 2 was to explore whether children could also reduce this effect under conditions where adults seem to do so. Several experiments have shown that adult participants are able to reduce the interference produced by the number of facts associated to a concept, provided that the presented sentences are in some sense related and, therefore, susceptible to integration (e.g., Moeser, 1979; Radvansky et al., 1998; Reder & Anderson, 1980; Smith et al., 1978) . That is, if the information associated to a particular concept makes it possible to integrate it into a single memory representation, the interference is reduced and even eliminated. From the situation model approach (e.g. Radvansky, 1999) , if the facts associated to a concept can be integrated into a single mental model representing the situation, these facts would be retrieved as one unit from memory and the increment in recognition time with number of facts would not be observed.
Results with adult participants indicate that they are able to use elaboration processes automatically and spontaneously to integrate the materials. However, experiments performed on children have shown that elaboration processes are not used spontaneously until late in adolescence (Bjorklund & Douglas, 1997; Pressley, 1982) , although they are able to use them when instructed to do so. Nevertheless, as we have indicated, those experiments made use of recall tasks and very simple materials. The purpose of Experiment 2 was to check whether children can use elaboration processes spontaneously. Therefore, although the sentences defining a particular fan were related, participants were not told about this and the instructions were neutral. Again, two groups of participants were selected. One group was composed of children between 12 and 13 years old and the other composed of young adults.
Method
Participants. Ten students were selected from an introductory psychology course to form the adult group. Their mean age was 21.6 years. Ten children were selected from a second year secondary course (ESO in the Spanish educational system) from the same school as in Experiment 1. Their mean age was 12.7 years. As in Experiment 1, the children received a small reward (sweets or a cold drink) for participating in the experiment. The group of university students received class credits for their participation.
Design. The experimental design conformed to a 2 (age) Â 3 (fan) Â 2 (type of sentence) mixed model, with age (children vs adult) as a betweenparticipants variable and fan (1, 2 or 3) and type of sentence (studied sentences versus foil sentences) as within-participant variables.
Materials. As in Experiment 1, there were 18 study sentences (see Appendix B) constructed by combining 11 person concepts and 9 activity concepts. The person concepts in the sentences were those used in Experiment 1 and the number of repetitions of these subjects in the whole set of sentences to define the different fan conditions (1, 2, or 3) was calculated in the same way as that in Experiment 1. However, six new activity/feature concepts were selected to create a set of sentences susceptible to integration for the Fan 2 and Fan 3 conditions. The general aim when constructing the materials was to keep as many sentences from the first experiment as possible, so that the materials were comparable. Thus, the sentences defining Fan 1 were identical to those used in Experiment 1. For each set of two sentences defining the Fan 2 condition, one remained identical and the other introduced a new activity concept. Finally, in the set of sentences defining the Fan 3 condition, one remained identical to another used in Experiment 1 and the other 2 introduced new activity concepts (see Appendix B).
The new sentences were created so that they made it possible to construct causal relations between the predicates associated to a particular subject. Hence, they described actions and facts that could be causally linked. For example, a set of sentences defining Fan 3 could be the pilot went to the shop, the pilot bought a bone, and the pilot has a dog. The three sentences can be causally connected and become the pilot went to the shop to buy a bone because he has a dog. This procedure has been used before (Black & Bern, 1981; Myers et al., 1984) in adult studies. To ensure that the sentences could be causally related a group of three independent adults judged that it was very possible to construct a story from the individual sentences defining a given fan.
The procedure to construct the 18 foil sentences was the same as that used in Experiment 1. Similarly, the recording and presentation of the sentences was identical to that of the first experiment.
Procedure. The experimental procedure was identical to that used in Experiment 1.
Results
As in Experiment 1, two analyses of variance were performed, one on the recognition times (RT) and another on the error data.
Recognition times. Table 2 shows mean recognition times and percentage of errors for each condition in the experiment. Results of the analysis of variance showed a significant main effect of age, F(1, 18) = 11.3, MSe = 2204704, p < .05. As in Experiment 1, the adult participants were faster at recognising sentences than the children (2620 ms and 3531 ms, respectively). The effect of type of sentence did not reach significance, F(1, 18) = 2.82, MSe = 345106, p > .05.
The main effect of fan was significant, F(2, 36) = 6.13, MSe = 202156, p < .05, but it was qualified by a significant age Â fan interaction, F(2, 36) = 5.99, MSe = 202156, p < .05. As we were interested in exploring possible differences between children and adult participants, we performed a separate analysis for each of the groups. As can be seen in Table 2 , the recognition time for the group of adults was not affected by either the fan, the type of sentence, or their interaction. None of the sources of variance was significant (all Fs < 1).
However, the analysis of the children's data showed a significant effect of fan, F(2, 18) = 7.31, MSe = 328247, p < .05. A trend analysis showed that the linear component was the only source of significance; in fact, it explained 96.8% of the total variance, F(1, 9) = 8.76, MSe = 529986, p < .05, indicating that recognition times became longer as the number of activity concepts associated to a given person concept increased from one to three. The effect of type of sentence, F(1, 9) = 1.92, MSe = 483748, p > .05, and the interaction between fan and type of sentence did not reach significance, F(2, 18) = 1.65, MSe = 319892, p > .05.
None of the other sources of variance was significant with all Fs close to 1.
Errors. The results of the analysis of variance indicated that the effect of age was not significant, F(1, 18) = 2.55, MSe = 130.94, p > .05. Thus, the percentage of errors for the group of adult participants (10.35%) was similar to the percentage of errors for the children (7.1%). The effect of type of sentence was significant, F(1, 18) = 5.30, MSe = 83.13, p < .05. The percentage of errors for the target sentences was significantly greater (10.6%) than the percentage of errors for distractor sentences (6.77%). This effect was also found in Experiment 1, and indicated that participants were more conservative when responding``Yes'' than when responding``No''. This strict criterion for positive responses was evident for both children and adults. The interaction of age Â type of sentence did not reach significance, F(1, 18) = 1.75, MSe = 83.13, p > .05
The main effect of fan was also significant, F(2, 36) = 4.96, MSe = 98.28, p < .05. The percentage of errors increased as the fan increased (5.9% for Fan 1; 7.55% for Fan2 and 12.6% for Fan 3). Although the interaction of fan Â age did not reach significance, F(2, 36) = .29, MSe = 98.28, p > .05, we analysed the fan effect for the two groups to parallel the analyses performed on the RT data. The results of these analyses indicated that the fan effect was not significant for the adult participants, F(2, 18) = 1.79, MSe = 94.92, p > .05, whereas it was reliable for the group of children, F(2, 28) = 3.41, MSe = 101.63, p = .05. Thus, for the group of children, there was a significant increment in errors as the fan increased (4.2%, 5.1%, and 11.8%, for Fan 1, 2, and 3, respectively). A trend analysis showed that the linear component was the only source of significance; it explained 83.3% of the total variance, F(1, 9) = 5.84, MSe = 98.82, p < .05.
Discussion
Results of Experiment 2 replicate previous findings showing that adult participants are able to reduce the interference produced by the fan of facts associated to a particular concept (Moeser, 1979; Myers et al., 1984; Radvansky, 1999; Reder & Anderson, 1980; Smith et al., 1978) . The average recognition time for adult participants was nearly the same for the three levels of fan included in the experiment. Similarly, the average percentage of errors was roughly the same for the three fan conditions. This elimination of the fan effect seems to be due to the fact that the sentences in the experiment were related. This relatedness allowed our adult participants to link causally the facts associated to the different subjects appearing in the sentences and to integrate them in a single mental representation. The reduction in interference for the adult group cannot be due to a general strategy inducing participants to say``Yes'' to any familiar phrase. Although the elimination of the fan effect was accompanied by faster responses and by a nonsignificant increment in the overall error rate, the slightly larger number of errors in the adult group was specifically due to the incorrect rejections (saying``No'' to studied sentences), indicating a conservative bias in producing``Yes'' responses.
The reduction in fan effects found in other studies has been explained as the result of ela- borative processes that integrate the different facts into a common mental representation that facilitates search processes. This mental representation can take the form of an integrated network (Anderson, 1981; Jones & Anderson, 1987) , a schema (Smith et al., 1978) , or a mental model (Radvansky, 1999; . Whatever this integrated mental representation is, our adult participants were showing their ability to use elaborative processes to integrate information and create a common mental representation.
In contrast, this ability was not evident in our younger participants. Results of Experiment 2 indicated that 12±13-year-old children continued to show an increase in recognition times when the number of facts associated to a subject increased from one to three. Therefore, 12±13-year-old children seem not to be able to use elaboration processes spontaneously to integrate complex material. As previous experiments by others (Beuhring & Kee, 1987; Kerst & Levin, 1973; Levin et al., 1975; Pressley, 1982; Pressley et al., 1980; Rohwer, 1980; Turnure, Buium, & Thurlow, 1976 ) have shown that children are able to use elaboration strategies when instructed to do so, we performed an additional experiment that included explicit instructions to integrate the information in the sentences, 1 but this still had no effect on the children's performance as they continued to show an effect of fan. Hence, the lack of integration seems to occur even when the children are instructed to elaborate and integrate the sentences.
The pattern of results for the children group contrasts with that obtained in other studies with simple materials (word or pictures) and simple tasks (paired associated) that report an increase in recall when children are given instructions to elaborate (Beuhring & Kee, 1987; Kerst & Levin, 1973; Levin et al., 1975; Pressley, 1982; Pressley et al., 1980; Rohwer, 1980; Turnure et al., 1976) . The results of our experiments indicate that when the materials and task are more complex than those used in paired associated tasks, the relatedness of the materials and the instructions to elaborate may not be effective in inducing effective elaboration strategies in children (see also Stein, Bransford, Franks, Owings, Vye, & McGraw, 1982) .
As we mentioned, the reduction of the fan effect in adults has been interpreted as the result of an integrated memory representation produced by elaborative processes. Thus, during retrieval, sentences sharing the same concept are treated as single units by the adults. (e.g., Jones & Anderson, 1987; Reder & Anderson, 1980; Smith et al., 1978) . Thus, it is possible that children are not able to produce these integrated memory representations or that their retrieval processes do not take advantage of this integrated representation. In Experiment 3 we tried to explore these possibilities.
EXPERIMENT 3
The purpose of Experiment 3 was to induce integration by manipulating the study conditions. In Experiment 2, we tried to induce integration by manipulating the relatedness of the sentences. However, two factors could make this attempt ineffective. First, the sentences may not relate to the type of causal knowledge more familiar for the children and, second, the sentences were randomly intermixed and therefore participants were forced to organise them prior to integration.
Several studies have shown that an important variable in comprehension and memory tasks is the knowledge base of the participants (Bjorklund, 1987; Bransford & Johnson, 1972; Bransford, Barclay, & Franks, 1972 , Lipson, 1983 Van den Broek, 1994 ). This knowledge is necessary to infer relations and to construct coherent models of the situation (Graesser & Zwaan, 1995 . For instance, Lipson asked two groups of children (Jewish and Catholic) to read and recall the same passages. Although all students had been classified as good readers, they differed in their knowledge of Jewish and Catholic ceremonies. The type of passage was varied so that one referred to the``Bar Mitzvah'' whereas 1 In this additional experiment, the materials and procedure were identical to those used in Experiment 2, but the experimenter instructed the participants to produce elaborations of the sentences involving the same grammatical subject. Participants were given the following example: Imagine that you knew two facts about the baker,``the baker went to the zoo'' and`t he baker bought a camera''. One thing you could do to better memorise the two sentences and recall them later is to think of both as part of the same story. For example, you could think``the baker bought the camera to take pictures of the animals at the zoo''. Then they were told to try to do the same with the sentences that they were studying. A new group of 10 children (12± 13 years old) participated in the experiment. The results indicated that the level of fan was significant in both recognition times, F(2, 18) = 5.18, MSe = 278699, p < .05, and error data, F(2, 18) = 6.03, MSe = 71.11, p < .05.
the other was about the``First Communion''. As predicted, each group read the text related to its religion faster than they did the passage related to the alternative religion. More importantly, the number of units of information correctly recalled was greater in passages for which students had extensive prior knowledge compared to passages for which they had less knowledge. Hence, familiarity with the materials may determine the effective use of memory strategies.
Although the materials in Experiment 2 were familiar and integrable for adult participants, they might have been less so for the group of children. Therefore, it could have been harder for them to relate their prior knowledge to the information associated to the characters, and to construct an effective model of the situation. In Experiment 3, a new set of materials was used. All the sentences had animals as characters and depicted very simple causal relations appearing often in children's stories.
In addition, the sentences in Experiment 3 were presented in an organised manner. That is, participants listened to the sentences related to each character sequentially, so that the causal links between the sentences were emphasised. Thus, participants did not have to organise the sentences, as they were already organised for them. Although most studies regarding developmental difference in organisation processes indicate that children are able to organise the materials from 10 years old and on (Frankel & Rollins, 1985; Hasselhorn, 1992) , these studies have used simple categorical relations. It was possible that the 12±13-year-old children of our study were not able to spontaneously capture and use the possible organisation when sentences and causal links were involved. Presenting the sentences sequentially organised should allow them to encode and store them in a related way.
Hence, the conditions of Experiment 3 were set so that it was easier for the children to integrate related sentences into a single representation. If the absence of integration in Experiment 2 was due to encoding problems such as lack of knowledge and/or inefficient use of organisation processes, integration should be evident in Experiment 3.
In addition, the level of fan and the causal relation of the materials were manipulated withinparticipant, so that the chances of capturing possible effects were increased (Cantor & Engle, 1993) .
Method
Participants. A total of 37 new students participated in this experiment; 21 were selected from an introductory psychology course at the University of Granada (Mean age = 23.3 years). A second group of 16 students was selected from the second year of a secondary school (mean age = 12.4 years). The children received a small reward (sweets or a cold drink) for participating in the experiment. The groups of university students received class credits for their participation.
Design. The experimental design conformed to a 2 Â 3 Â 2 mixed model design with age, level of fan, and type of sentence as independent variables. Age (adults, M = 21.8 and children, M = 12.5 years) was manipulated between-participants by selection. Level of fan was manipulated withinparticipant. In this experiment, level of fan was formed by three conditions that differ in fan and relatedness. The first condition represented Fan 2 sentences (Fan 2) and served as a base to form the Fan 4-Rel condition; the second condition was composed of Fan 4 highly integrable sentences (Fan 4-Rel); and the third condition was composed of Fan 4 unrelated sentences (Fan 4-Unrel).
Materials. The experimental material consisted of 20 study sentences and 20 distractor sentences. Appendix C shows the complete set of sentences used in this experiment. As in the previous experiments, the sentences were of the form subject±predicate. The subject in the sentences referred to one of six possible animals: a deer, a monkey, a lion, a wolf, an elephant, and a rabbit. These animals were selected from previous normative data. The purpose of the normative study was to discover which animals were more familiar to the children. A group of 40 children (12±13 years old) were asked to write as many names of animals living in the forest or jungle as they could think of (except birds and reptiles). As in previous experiments, the predicates were formed by a verb and a complement (attribute or direct object), and they were three words long. They appeared twice so that within a study list there were two subjects sharing the same predicate. The study sentences were created by combining the subjects and predicates so that they conformed to three experimental conditions (Fan 2, Fan 4-Rel, and Fan 4-Unrel).
Before the actual experiment, the sentences forming the Fan4-Rel and Fan4-Unrel conditions were presented to adults and to 12±13-year-old children. A total of 77 adults and 39 children were asked to rate the degree to which the sets of sentences could be used to invent a story. They had to provide their ratings in a scale from 1 to 5 where 1 meant``very difficult to invent a story with this set of sentences'' and 5 meant``very easy to invent a story with this set of sentences''. Practice and examples were offered until the experimenter was sure that the participants understood the task. Analysis of the ratings confirmed that the sentences in the related condition were judged by all the participants as easier to create a story with (mean = 4.7) than those in the unrelated (low relatedness) condition (mean = 2.9). The difference between the two types of sentences was significant, F(1, 114) = 227.6, MSe = 0.76, p < .05. Neither the age of the participants nor the interaction between age and sentence was significant (p > .05). Hence, children and adults did not differ in their ratings and they both considered the sentences in the Fan 4-Rel condition as very related (3.7 and 3.9, respectively) and different from the sentences in the Fan 4-Unrel condition.
A program in Visual Basic was written for presentation and recording during the learning phase. The names of the six animals were presented on the screen, three in the upper part of the screen and three in the lower part. They were uniformly distributed across the screen. Participants were instructed to pick with the computer mouse the name of one of the animals to listen to the sentences related to that animal. At any point they could pick any of the animals that they wished and listen to the corresponding sentences. In that way, they could choose which sentences to study. The sentences corresponding to each animal (two or four) were organised sequentially so that they were presented in a fixed order, but participants had to press the left button of the mouse for each sentence to be presented. Hence, every time the participant pressed the button, they listened to a sentence. Depending on the fan, they had to press two or four times to listen to the complete set of sentences associated to that animal.
As in previous experiments, the distractor sentences were formed by recombining activity and person concepts so that the activity concepts associated to a character in the study sentences were associated to a different character (in the same fan condition) for the distractor sentences. Thus, if``el ciervo llevaba dos dõ Âas sin comer'' (the deer had not eaten in two days) and``el mono tenõ Âa una herida en el rabo'' (the monkey had a wound in its tail) were two sentences in the Fan 2 condition, they were recombined to form the following distractor sentences``el mono llevaba dos dõ Âas sin comer'' (the monkey had not eaten in two days) and``el ciervo tenõ Âa una herida en el rabo'' (the deer had a wound in its tail).
Procedure. Learning phase. Upon their arrival, participants were seated in front of a computer screen depicting six frames with the names of the six animals. They were told that they would learn some facts about the animals on the screen. To listen to the facts they were told to pick with the computer mouse the frame corresponding to an animal and they would hear the sentences regarding that particular animal. Participants were informed that each frame could``hide'' two or four sentences, but they would have to press the mouse button to listen to each of them. The instructions emphasised that they could start with whatever animal, proceed in any order, and have as much time as they wanted, because the important thing was to learn the facts about the six animals. The number of times that each participant picked the name corresponding to each character was registered. As in the previous experiments, participants were told to call the experimenter when they were ready to evaluate their learning. At this point, they were asked to perform a free recall task. Once the experimenter made sure that the participants had learned the sentences, the testing phase started.
Recognition phase. The procedure for this phase was identical to that in previous experiments except that the total set of sentences was 40 (20 studied plus 20 non-studied) rather than 36.
Results
Study cycles. The results of the analysis performed on the number of study cycles indicated that the level of fan was the only significant source of variance, F(2, 70) = 3.4, MSe = 11.73, p < .05. Thus, the animals included in the Fan4-Unrel condition (mean = 10.8 times) were studied more times, F(1, 35) = 6.85, MSe = 10.98, p < .05, than any of the two other conditions (9.3 and 8.7) that did not differ (F < 1). Age, F(1, 35) < 1, and the interaction of fan and age, F(2, 70) = 3.4, MSe = 11.73, p > .05, were not significant. The pattern of study cycles for both groups was very similar. The mean number of cycles for each fan condition was 9.7, 8.8, 11 for the group of adults and 9.1, 8.7, 10.6 for the group of children. Hence, they both discriminated the more difficult items and returned to them for study a greater number of times.
Recognition time. A 2 (Age) Â 3 (Level of fan) Â 2 (Type of sentence) mixed model analysis of variance was performed on the RT data (see Table 3 ).
The results of this analysis indicated that the main effect of the three variables and the interaction of fan Â type of sentence were significant. The recognition times for the adult participants (2409 ms) were faster than those of the children (2859 ms), F(1, 35) = 15.2, MSe = 722794, p < .05. The effect of type of sentence was also significant, F(1, 35) = 24.56, MSe = 84745, p < .05. Response times were faster for studied (2536 ms) than for non-studied sentences (2732 ms).
More importantly, the level of fan was significant, F(2, 70) = 10.28, MSe = 78776, p < .05. This effect indicated that while conditions Fan 2 and Fan 4-Rel were similar (2754 ms and 2764 ms), F(1, 35) = 1.98, MSe = 90891, p > .05, there was an increment in recognition time for the Fan 4-Unrel condition (2894 ms) relative to the other two conditions, F(1, 35) = 21.61, MSe = 66662, p < .05. This effect was equivalent for the adult and children groups. The interaction age Â level of fan was not significant (F < 1).
Finally, the interaction level of fan Â type of sentence was marginally significant, F(2, 70) = 2.9, MSe = 54445, p = .06, indicating that the difference between studied and non-studied sentences increased in the Fan 4-Unrel condition. The response times for the non-studied sentences in this condition were significantly slower (2901 ms), F(1, 35) = 5.88, MSe = 54675, p < .05, than those in the other two fan conditions (2617 ms and 2677 ms for Fan 1 and 2 respectively), which did not differ from each other (F < 1). None of the other sources of variance was significant.
Errors. Table 3 also shows the mean percentage of errors for each condition of the experiment. The results of the analysis of variance on these data indicated that the interaction fan Â type of sentence was the only significant source of variance, F(2, 70) = 4.56, MSe = 75.19, p < .05. The mean percentage of errors for studied and nonstudied sentences was equivalent in the Fan 4-Rel (7.9% and 6.5%) and Fan 4-Unrel (10.3% and 11.5%) conditions, F < 1. However in the Fan 2 condition there was a significant difference between studied (2.9%) and non studied sentences (11%), F(1, 35) = 4.7, MSe = 82.67, p < .05 with a larger percentage of errors for non-studied sentences. The interpretation of this interaction is not clear.
Discussion
Results of Experiment 3 indicate that 12±13-yearold children are able to integrate information to reduce interference, if the study conditions facilitate the encoding of integrated representations. In this experiment, integration was facilitated by presenting study materials that clearly related to the children's previous knowledge and by presenting them in an organised, sequential manner. Under these conditions 12±13-year-old children and adult participants did not differ. They both showed interference when they studied four unrelated sentences, and they both eliminated this interference when the sentences were causally related. Thus, in both groups recognition time was slower for the Fan 4-Unrel condition than for the Fan 2 condition. In contrast, conditions Fan 2 and Fan 4-Rel produced equivalent response times. Hence, the fan effect was present when the materials were not susceptible to integration and it was absent when the material allowed integration. In addition, the results of the number of study cycles indicated that children and adults were able to discriminate the level of difficulty associated to each of the experimental conditions. They studied more times the sentences associated to the Fan 4-Unrel condition than the sentences associated to the Fan 2 and Fan 4-Rel conditions.
The results of this experiment contrast with those obtained in Experiment 2. In that experiment, children of the same age (12±13 years old) were not able to reduce interference when related materials were provided. These contrasting results indicate that prior knowledge and organisation are important factors for producing integration.
Interestingly, the retrieval conditions across experiments were kept constant so that it is possible to preclude retrieval factors as possible causes for differential results. It was possible that children in Experiment 2 produced integrated memory representations, but that their retrieval processes did not take advantage of them and search-related processes proceeded through each of the components of this representation. However, results of Experiment 3 indicate that the possible source of differences lies in encoding, the lack of a rich knowledge base to construct a coherent situation, or the difficulty of organising the materials, which did not allow the children to eliminate the interference.
GENERAL DISCUSSION
The results of the present experiments provide evidence regarding the extent to which children and adults differ in their susceptibility to interference at retrieval and in the use of integration to overcome interference. The presence of the fan effect in both 12±13-year-old children and adults indicates that there are some common factors in the way in which the information stored in longterm memory is recovered by the two groups. The fan effect has typically been interpreted as the result of spreading activation processes (Anderson, 1983) . Each proposition linked to a person concept competes for activation so that as the fan increases, each proposition receives less activation, slowing down the retrieval processes associated to it (Anderson, 1983) . Similarly, from a situation model point of view (Radvansky 1999; Radvansky & Zacks, 1997) , when the sentences are unrelated participants construct a situation model for each of them so that during recognition, each model has to be retrieved and tested. Hence, from both theoretical views the increase in reaction time with fan is associated to more complex retrieval processes caused by the properties of the representation. Therefore, the presence of the fan effect in children and adults (Experiment 1) suggests that when the sentences are thematically unrelated, both construct similar representations (network or situation models) and the properties of these representations influence their retrieval processes in similar ways. This pattern contrasts with that found with older adults. Gerard, Zacks, Hasher, and Radvansky (1991) and Radvansky et al. (1996) reported data indicating that older people differ from young adults in the size of the fan effect, with older adults showing more vulnerability to interference. However, older adults were able to integrate related materials, whereas the children in our study were not able to do so. This discrepancy may indicate that the source of differences between children and adults may not be the same as that for older adults. Whereas older adults seem to have more difficulties at retrieval, the data of 12±13-year-old children suggest that they differ when encoding information. Thus, the results of Experiment 1 where interference at retrieval was explored indicated that the only difference between children and adults was in processing speed, with children being slower than adults. This difference in speed is consistent with results by others (e.g., Kail, 1995) .
However, the results of Experiment 2 show important differences among children and adults. When the to-be-studied materials were causally related, adult participants showed no fan effect. In contrast, interference was present for the group of children. As mentioned, one way to account for the reduction of interference in the adult group is that participants produced integrated units to represent related sentences in memory (situation models). Once this representation is created, recognition processes do not need to proceed through the whole set of individual units, as they are treated in memory as a single unit (e.g., Jones & Anderson, 1987; Radvansky, 1999; Reder & Anderson, 1980) . The fact that the fan effect occurred in children even with related materials may indicated that children's encoding processes were not successful at creating these integrated memory representations. In addition, they were not able to do so when instructed to produce verbal elaborations after studying. Hence, children and adults differ in the effectiveness of their integration processes. This absence of integration contrasts with the results of traditional studies showing increased recall when children are encouraged to produce elaborations (Kerst & Levin, 1973; Levin et al., 1975; Pressley et al., 1980; Rohwer, 1980) . However, there are important differences between the procedure and materials of previous studies and those of our experiments. Most prior studies used paired associated tasks with elaboration processes involving pairs of single items. However, our studies used recognition of sentences that varied in their causal relation. In addition, those prior studies focused on the effect of elaboration processes in increasing memory performance, whereas the experiments reported here looked at the specific way in which information is stored and retrieved as a consequence of elaboration. If we put both sets of results together, we may conclude that when simple materials are involved children seem to be able to produce elaborations that are efficient enough to improve their recall. They produce these elaborations only if induced to do so through instructions and practice. However, children's strategies seem not to be efficient enough to produce integrated memory representations that free retrieval processes from competing activation among different models or propositions. Thus, at least when the materials involve sentences instead of single items, the integration processes used by children seem not to be as effective as those used by adults. Consistent with this interpretation, Stein et al. (1982) reported data indicating that academically successful and unsuccessful children differ in their ability to produce precise elaborations of familiar texts. Hence, when the materials are relatively complex, elaboration is a difficult strategy for children to use.
However, the results of Experiment 3 indicated that it is possible to set the encoding conditions to facilitate integration in children. When the study materials were clearly related to the children's previous knowledge and the presentation of the sentences was causally organised, the fan effect disappeared. Complex elaboration processes need to be based on structures of knowledge that are rich enough to support the construction of inferences and causal links. When the materials rely on knowledge that is very familiar to the children, integration is facilitated. Similarly, elaboration processes are supported by the previous organisation of the materials; if the materials are organised when presented, integration should also be facilitated. Results of Experiment 3 indicated that when presented with causally organised sentences of familiar material, the 12±13-year-old group were able to eliminate the interference from competing information, possibly by constructing an integrated representation. Further research is needed to explore the relative role of prior knowledge and organisation in producing effective integration. However, regardless of whether prior knowledge, organisation, or both are eliminating the fan effect in the group of children, the presence of the fan effect in conditions where adults are able to eliminate it seems to suggest a deficient use by children of the encoding processes needed to construct integrated models of the situation. As mentioned, the retrieval conditions across experiments were kept constant, so that it is possible to preclude retrieval factors as possible causes for differential results. 
Targets Foils
El ciervo llevaba dos dõ Âas sin comer El ciervo encontro Â fruta en el suelo The deer spent two days starving
The deer found fruit on the ground
El ciervo salio Â a buscar comida El ciervo tiene una herida en el rabo The deer went to seek some food
The deer had a wound in its tail
El mono tenõ Âa una herida en el rabo El mono salio Â a buscar comida The monkey had a wound in its tail
The monkey went to seek some food El mono limpio Â con cuidado la sangre El mono lucho Â para salvar a su crõ Âa The monkey washed the blood carefully
The monkey fought to save her baby El leo Â n vio al cazador acercarse El leo Â n tiene el pelo muy oscuro The lion saw the hunter approaching
The lion had very dark hair El leo Â n lucho Â por salvar a su crõ Âa El leo Â n llevaba dos dõ Âas sin comer The lion fought to save her baby
The lion spent two days starving
El leo Â n tiene una herida en el rabo El leo Â n sintio Â un dolor de tripa The lion had a wound in its tail
The lion had stomach-ache El leo Â n limpio Â con cuidado la sangre El leo Â n rompio Â la rama del a Â rbol The lion washed the blood carefully
The lion broke the branch of a tree El lobo encontro Â fruta en el suelo El lobo llevaba dos dõ Âas sin comer The wolf found fruit on the ground
The wolf spent two days starving El lobo lucho Â para salvar a su crõ Âa El lobo vio al cazador acercarse The wolf fought to save her baby
The wolf saw the hunter approaching El lobo tiene el pelo muy oscuro El lobo limpio Â con cuidado la sangre The wolf had very dark hair
The wolf washed the blood carefully El lobo rompio Â la rama del a Â rbol El lobo sintio Â un dolor de tripa The wolf broke the branch of a tree
The wolf had stomach-ache El elefante llevaba dos dõ Âas sin comer El elefante vio al cazador acercarse The elephant spent two days starving
The elephant saw the hunter approaching El elefante salio Â a buscar comida El elefante limpio Â con cuidado la sangre The elephant went to seek some food
The elephant washed the blood carefully El elefante encontro Â fruta en el suelo El elefante tiene el pelo muy oscuro The elephant found fruit on the ground
The elephant had very dark hair El elefante sintio Â dolor de tripa El elefante rompio Â la rama del a Â rbol The elephant had stomach-ache
The elephant broke the branch of a tree El conejo sintio Â dolor de tripa El conejo encontro Â fruta en el suelo The rabbit had stomach-ache
The rabbit found fruit on the ground El conejo vio al cazador acercarse El conejo lucho Â para salvar a su crõ Âa The rabbit saw the hunter approaching
The rabbit fought to save her baby El conejo tiene el pelo muy oscuro El conejo salio Â a buscar comida The rabbit had very dark hair
The rabbit went to seek some food El conejo rompio Â la rama del a Â rbol El conejo tiene una herida en el rabo The rabbit broke the branch of a tree
The rabbit had a wound in its tail
